The reaction of N 1 -substituted-5-amino-4-cyanopyrazoles with malononitrile and diethylmalonate occurs with formation of 6-substituted pyrazolo[3,4-d]pyrimidines, and pyrazolo [3,4-b]pyridines respectively. The structures of the products and conceivable mechanisms are discussed.
INTRODUCTION
Pyrazolopyridines, pyrazolopyrimidines and related fused heterocycles are of interest as potential bioactive molecules. Pyrazolo [3,4-d] pyrimidines were identified as a general class of adenosine receptors, [1] [2] [3] due to the similarity between their structures and purines.
Pyrazolo [3,4-b] pyridines are also important compounds as a result of their biological activity and structural relationship to azaindoles. A number of pyrazolo [3,4-b] pyridines are potentially biologically active compounds as new inhibitors of xantine oxidase. [4, 5] Because of this wide range of activities, we have been interested on orthoaminocyanopyrazoles [5, 6] or their derivatives as inhibitors of xanthine oxidase. [7] For this
The 5-amino-1-substitutedpyrazole-4-carbonitriles 1, were used as starting materials, they contain an amino and a cyano group in adjacent positions, which is required for the synthesis of the condensed systems including pyridine and pyrimidine.
It has been found that reaction of compound 1a with malononitrile in refluxing ethanol in the presence of triethylamine afforded a yellow crystalline solid of mp 254-256 o C. It was expected that this reaction would give the pyrazolopyrimidine 4a or pyrazolopyridine 5a
via the intermediate 3a.
However, the micro-analytical data showed that this product has the molecular formula C 20 H 16 N 8 . Furthermore, the mass spectrum (EI) of this product showed a molecular ion at m/z = 368 and the IR spectrum displays an absorption at 3463 A similar result had been established by Taylor and Borror in the formation of 2a (Scheme 1). [8] Compounds 1b-d were refluxed under the same reaction conditions to afford 2b-d. [9] On the contrary, reaction of compounds 1a,b with diethylmalonate in ethanolic sodium ethoxide solution gave pyrazolopyrimidines 6a,b. The structure of compounds 6 was confirmed by mass and NMR spectroscopic data. The 1 H NMR spectrum of compound 6a revealed the ester group as a triplet for the CH 3 protons at 1.33 ppm and a quartet for the CH 2 protons at 4.40 ppm, besides other signals assigned to aromatics, pyrazole H-3, one NH 2 group, and an OH signal at 12.31 ppm (Scheme 1). [10] In an attempt to introduce a formyl group at position 3 in pyrazole 1, aminopyrazole 1 was reacted with Vilsmeier reagent (DMF-POCl 3 ) at 70ºC for 3h. To the product which was obtained structure 8 was proposed based on the NMR data which indicate the presence of OH group and the pyrazole H-3, the reaction proceeding via the intermediacy of 7 (Scheme 2). The structure of compound 8b could be confirmed by an alternative synthesis, as described before, converting 1b to the amide 9, by treatment with cold concentrated sulfuric acid, followed by boiling compound 9, mp 202-204 ºC (Lit. mp 204-205ºC) [11] , in formamide. The product isolated was the 4-hydroxypyrazolo 
Scheme 2
The compound 8b, 4-hydroxypyrazolopyrimidine, was easily converted to the corresponding 4-chloropyrazolopyrimidine, the precursor to the 4-substituted aminopyrazolopyrimidine, as we described recently [6] .
EXPERIMENTAL
General Procedures. Melting points were determined on a Gallenkamp melting point apparatus and are uncorrected. IR spectra were registered on a Perkin Elmer FTIR-1600. 1 H NMR (300 MHz) and 13 C NMR (75.4 MHz) spectra were recorded on a Varian Unity Plus Spectrometer. Double resonance, HMQC and HMBC experiments were carried out for complete assignment of proton and carbon signals in the NMR spectra, whenever possible. High resolution mass spectra were determined on a AutoSpec E spectrometer.
Elemental analyses were obtained on a Leco CHNS-932 instrument. Compound 9 was prepared by a known method. [11] General procedure for preparation of 2a-d 
General procedure for preparation of 8a, b
A mixture of (1) 
